We demonstrate efficient second-harmonic generation at moderate input power for thin film Ni 81 Fe 19 undergoing ferromagnetic resonance (FMR). Powers of the generated second-harmonic are shown to be quadratic in input power, with an upconversion ratio three orders of magnitude higher than that demonstrated in ferrites 1 , defined
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We demonstrate efficient second-harmonic generation at moderate input power for thin film Ni 81 Fe 19 undergoing ferromagnetic resonance (FMR). Powers of the generated second-harmonic are shown to be quadratic in input power, with an upconversion ratio three orders of magnitude higher than that demonstrated in ferrites 1 , defined as ∆P 2ω /∆P ω ∼ 4 × 10 −5 /W · P ω , where ∆P is the change in the transmitted rf power and P is the input rf power. The second harmonic signal generated exhibits a significantly lower linewidth than that predicted by low-power Gilbert damping, and is excited without threshold. Results are in good agreement with an analytic, approximate expansion of the Landau-Lifshitz-Gilbert (LLG) equation. A diagram of the measurement configuration, adapted from a basic broadband FMR setup, is shown in Fig.1 . The microwave signal is conveyed to and from the sample through a coplanar waveguide (CPW) with a 400 µm wide center conductor and 50 Ω characteristic impedance, which gives an estimated rf field of 2.25 Oe rms with the input power of +30 dBm. We examined the second harmonic generation with fundamental frequencies at 6.1
GHz and 2.0 GHz. The cw signal from the rf source is first amplified by a solid state amplifier, then the signal power is tuned to the desirable level by an adjustable attenuator.
Harmonics of the designated input frequency are attenuated by the bandpass filter to less than the noise floor of the spectrum analyzer (SA). The isolator limits back-reflection of the filtered signal from the sample into the rf source. From our analysis detailed in a later section of this manuscript, we found the second harmonic magnitude to be proportional to 
, where γ is the gyromagnetic ratio, α is the Gilbert damping parameter, ω M ≡ γ4πM s , and 
Subtracting (1) from (2) and taking h rf y,z = H 
Since χ ⊥ is one order of magnitude smaller than χ , we neglect the term −γ χ ⊥ (ω).
In complete analogy to equation (1), the driving term could be viewed as an effective
, and the solutions to equation (3) would be
We can compare the power at frequency f and 2f now that we have the expressions for both the fundamental and second harmonic components of the precessing M. The timeaveraged power per unit volume could be calculated as P = [
−∂U/∂t = 2M∂H/∂t where only the transverse components of M and H contribute to P(t). Using the expression for P , M and H, we have P ω = ωH 2 y,rf χ(ω) ′′ and
′′ , from which we conclude that under H B for FMR at frequency f = ω/(2π), we should see a power ratio ECCS-0925829.
